Abstract. Two methods for the generation of iminium ions of the type ArN+(X)=CHR (X = H or alkyl, R = H or alkyl) are reported: (1) the Bronsted-acidpromoted rearrangement of benzylic azides and (2) the intermolecular Schmidt reactions of azides XN 3 (X = aliphatic) with benzylic carbocations derived from benzylic alcohols ArCH(R)OH. The iminium ions ArN+(X)=CHR behave as cationic 2-azabutadienes in the presence of alkenes and alkynes, producing 1,2,3,4-tetrahydroquinolines and 1,2-dihydroquinolines by a hetero Diels-Alder reaction.
INTRODUCTION
An increasingly popular route to 1,2,3,4-tetrahydroquinolines 5 is the [4+2] cycloaddition of 2-azabutadienes 4 with alkenes (Scheme 1). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Alkynes also may be used as dienophiles, producing 1,2-dihydroquinolines, but this reaction is rare. 14 Cycloadditions typically require a cationic 2-azabutadiene 4, where X = H, alkyl or aryl (i.e., iminium ions), or a Lewis acid. The mechanism is probably a stepwise one. 2 ,S,15 Three methods are available for the generation of the cationic intermediates 4: the condensation of arylamines with carbonyl compounds, especially formaldehyde and other aldehydes, in the presence of a proton source and a dienophile (pathway a); 2, 6, 9, 12 treatment of a preformed imine with a protic or Lewis acid (pathway b);3,S,IO,13 and the ionization of a leaving group LG (e.g., benzotriazolyl," phenylthio," sulfonyl," or methoxy,? pathway c). Each method has its merits and shortcomings, but there are a few general problems with the available technology. First, cycloadditions of 4 are most commonly observed with RI = H or aryl; examples where R I = alkyl are rare.":" Second, pathway a may suffer from competition with a double cycloaddition, where the initial product 5 condenses with more aldehyde (especially formaldehyde) to generate another cationic 2-azabutadiene, which then participates in a second aza Diels-Alder reaction.w" Third, cycloadditions leading to N-substi-tuted tetrahydroquinolines (5, X = alkyl or aryl) are less common, usually requiring pathway C. 4 ,7,II,16 Finally, as stated above, alkynes are rarely used as the dienophile.'" We wish to report two azide-based routes to cationic 2-azabutadienes 4 for use in tetrahydroquinoline synthesis, namely the acid-promoted decomposition of azides 6 involving rearrangement of the aminodiazonium ions 7 (eq 1),18 and the Schmidt reaction of azides with carbocations 8, involving rearrangement of the aminodiazonium ions 9 (eq 2). These methods extend the scope of the basic cycloaddition approach to tetrahydro-and dihydroquinolines by addressing the problems outlined above.
RESULTS AND DISCUSSION
We recently reported both the intra-and intermolecular Schmidt reaction of aliphatic azides with carbocations, a rearrangement process which produces synthetically useful iminium ions (e.g., eq 2).19,20 While exploring the scope of this method, an attempt to use benzyl azide to capture cyclopentyl cation gave, rather than the expected intermolecular Schmidt reaction product Nbenzylpiperidine 11 after hydride reduction of the iminium ion 10, the known tetrahydroquinoline 14 21 in good yield (Scheme 2). Apparently, an acid-promoted rearrangement of benzyl azide to the iminium ion 12 had occurred, as in eq 1. This cationic 2-azabutadiene then participated in a [4+2] cycloaddition with cyclopentene to produce 13, which aromatized to 14 by proton loss. The Bronsted-or Lewis-acid-catalyzed decomposition of aliphatic azides (including benzyl azide) to imines and/or iminium ions, originally studied by Curtius but sometimes attributed to Schmidt, is well known." Given the successful generation and cycloaddition of the cationic 2-azabutadiene 12 using the azide decomposition method (Scheme 2), we set out to explore the scope of this reaction. The generation of 12 in the presence of a variety of alkenes resulted in good yields of tetrahydroquinolines (Table I) , Both electron-rich (entries 2,4,5) and simple unactivated alkenes (entries 1,3,6) were effective dienophiles. Alkynes, rarely used in such cycloadditions,!" were found to be useful dienophiles, producing the dihydroquinolines 20 and 21 (entries 7, 8) . The acid-promoted rearrangement of (1-azidoethyl)benzene was also attempted (entries 9-12), presumably producing a substituted 2-azadiene 4, where X = Hand R 1 = CH 3. Indeed, successful results were obtained with styrene (entry 9) andN-vinylpyrrolidin-2-one (entry 11). The rarity":" of cycloadditions using cationic 2-azadienes bearing an alkyl group (i.e., 4 where RI = alkyl) makes these examples particularly important. Note that l-hexene failed to participate in a similar cycloaddition (entry 10). Phenylacetylene (entry 12) led to an excellent yield of the quinoline 25, presumably due to air oxidation of the initially formed dihyctroquinoline during isolation and purification, It is worth noting that the yields of the transformations shown in Table 1 are ultimately limited by the amount of aryl migration in the rearrangement of7 to 4a (eq 1). That is, the migration of hydrogen or R I to nitrogen will not produce an iminium ion which is viable in the cycloaddition reaction. Given that benzyl azide is known to rearrange by all three pathways upon protonation.P'" it is remarkable that the yields shown in Table 1 , all based upon the azideas the limitingreagent, are as high as theyare.
We realized that our work on the intermolecular Schmidt reaction of azides with carbocations (eq 2)19 also produced cationic 2-azabutadienes 4, and thus we were interested in exploring tetrahydroquinoline synthesis using this route. We have reported that the action of triflic acid or SnC1 4 on benzylic alcohols in the presence of various aliphatic azides resulted in the formation of iminium ions 4, although other iminium ions were also produced by the migration of hydrogen or R1.19,23 After stirring for 10 min, NaBH 4 (530 mg, 14.00 mrnol) in methanol (10 mL) was added at 0 "C, After stirring at room temperature overnight, 15% aqueous NaOH (40 mL) was added and the reaction mixture was extracted with ether (3 x 30 mL). The combined organic phases were washed with brine (40 mL), then dried (MgS0 4 ) and concentrated. Chromatography ( in the presence of dienophiles. The tetrahydroquinolines 26-29 were formed in moderate to good yield based on the amount of the alcohol. Based on the actual proportion of aryl migration, these yields would be higher."
The Schmidt route to cationic 2-azabutadienes, besides providing a completely new way to access these systems, provides for the incorporation of aliphatic substituents at N(l) and C (2) [4+2J Cycloaddition reactions of cationic 2-azabutadienes derived from the acid-promoted decomposition of azides. General procedure A Triflic acid (1.2 equiv) was added to a solution of the desired benzylic azide (2.00 mmol) in CHzCl z or benzene (8 mL) at 0 "C, After warming to room temperature over 10 min, the dienophile (in excess) was added at either 0°C or room temperature. After stirring for the indicated amount of time at either room temperature or reflux, triethylamine (2 mL) was added and the reaction mixture was concentrated in vacuo to give the crude product, which was purified by flash chromatography on silica gel.
4-Phenyl-1.2.3,4-tetrahydroquinoline (15)24
Prepared from benzyl azide (266 mg, 2.00 mmol), triflic acid (200 mL, 339 mg, 2.26 mmol), and styrene (0.50 mL, 455 rng, 4.37 mmol) in benzene (10 mL) at room temperature for lh according to general procedure A. Chromatography 
4-n-Butyl-1.2,3.4-tetrahydroquinoline (16)
Triflic acid (200 mL, 339 mg, 2.26 mmol) was added to a solution of benzyl azide (266 mg, 2.00 mmol) and l-hexene (3.0 mL, 2.02 g, 23.99 mmol) in benzene (8 mL) at 0°C, and the resulting mixture was allowed to warm to room temperature. After l h, saturated aqueous NaHC0 3 (10 mL) was added and the reaction mixture was extracted with ether (3 x 30 mL). The combined organic phases were washed with brine (40 ml.), then dried (MgS0 4 ) and concentrated. Chromatography 6), 144 (3.7), 132 (100), 117 (14.6), 84 (18.0) (17) 
4-(2-Oxopyrrolidin-1-yl)-I,2,3,4-tetrahydroquinoline

2-Methyl-4-phenylquinoline (25)3°P
repared from (l-azidoethyljbenzene" (600 mg, 4.08 mmol), triflic acid (400 mL, 678 mg, 4.52 mmol), and phenylacetylene (2.00 mL, 1.86 g, 18.22 mmol, added at 0 "C) in benzene (45 mL) at room temperature overnight according to general procedure A. Chromatography Triflic acid (Ll equiv) or tin tetrachloride (1.0 M solution in CH2CI2, 2.0 equiv) was added to a solution of the desired alcohol (2.00 mmol) and n-butylazide 3 1 (in excess) in CH 2CI2 or benzene at 0°C. After stirring for 10 min at 0°C, the dienophile was added. After stirring at either room temperature or reflux, 15% aqueous NaOH (50 mL) was added and the mixture was extracted with ether (3 x 40 mL). The combined organic phases were washed with brine (2 x 40 ml.), dried (Na 2S04 ) and concentrated to give the crude product, which was purified by flash chromatography on silica gel.
CONCLUSION
The two methods reported herein for the generation of iminium ions of the type ArN(+)(X)=CHR (X = H or alkyl, R = H or alkyl), namely the Bronsted-acid-promoted rearrangement of benzylic azides and the intermolecular Schmidt reactions of aliphatic azides with benzylic carbocations, provide alternatives to the existing methods for the generation of such cationic 2-azabutadienes. Hetero Diels-Alder reactions of these cationic dienes proceed efficiently, producing 1,2,3,4-tetrahydroquinolines and 1,2-dihydroquinolines. Attractive features of this methodology include the ability to use alkynes as dienophiles, and to produce N(l)-and C(2)-alkyl hydroquinolines. Also, in contrast to current methodology involving the condensation of anilines with aldehydes, double-cycloadditions are not observed. Overall, the azide-based routes to partially hydrogenated quinoline derivatives described herein successfully address some of the problems associated with current routes, thus enhancing the generality of the hetero Diels-Alder approach to these compounds.
